Simulation of neutron flux in silicon, cadmium and plumbum using Monte Carlo method by Hamzah, Hafida
v 
 
 
 
TABLE OF CONTENTS 
 
 
 
 
CHAPTER           TITLE    PAGE 
TITLE            i 
DECLARATION         ii 
ABSTRACT         iii 
ABSTRAK         iv 
TABLE OF CONTENTS        v 
LIST OF TABLES        ix 
LIST OF FIGURES        x 
LIST OF SYMBOLS       xii 
LIST OF APPENDICES     xiii 
 
1  INTRODUCTION 
  1.1 Research Background     1 
  1.2 Research Problem     4 
  1.3 Research Objective     5 
  1.4 Scope of Studies     5 
 
 
vi 
 
2 THEORY 
 2.1 Introduction       7 
 2.2 Energy Release in Fission Process    9 
 2.3 Neutron Interaction      11 
  2.3.1 Absorption of Slow Neutron    11 
  2.3.2 Absorption of Fast Neutron    12 
 2.4 Neutron Scattering      13 
  2.4.1 Inelastic Scattering     13 
  2.4.2 Elastic Scattering     14 
 2.5 Nuclear Cross-section      19 
  2.5.1 Microscopic Cross Section    19 
  2.5.2 Macroscopic Cross Section    21 
  2.5.3 Rate of Neutron Reactions    21 
  2.5.4 Particle Density and Flux In 7-D   22 
 2.6 The Properties of Silicon, Cadmium and Plumbum  24 
 2.7 Monte Carlo Method      29 
   2.7.1 Random Number Generator    31 
          2.7.2 Probability Distribution Functions   31 
                     2.7.3 Boltzmann Transport Equation   33 
                     2.7.4 Particle Transport in Monte Carlo   34 
          2.7.5 Statistic Produced by MCNP    35 
vii 
 
3 METHODOLOGY 
 
 3.1 Introduction       36 
 3.2 Input File       37 
  3.2.1 Geometry  38 
  3.2.2 Material Specification    41 
  3.2.3 Source Definition (SDEF)    43 
  3.2.4 Tallies and Output     44 
 
4 RESULTS AND DISCUSSION 
 4.1 Introduction       48 
 4.2 Final Neutron Flux After Passing The Silicon  49 
 4.3 Final Neutron Flux After Passing The Cadmium  51 
 4.4 Final Neutron Flux After Passing The Plumbum  54 
 4.5 Final Neutron Flux After Passing Through Silicon,  
Cadmium and Plumbum     56 
 4.6 Neutron Flux Ratio Before And After Passing The  
Silicon, Cadmium And Plumbum    58 
4.7 Discussion       60 
  4.7.1 The Cross-Section Effect    61 
  4.7.2 The Effect of Thickness to Decrease the  
Neutron Flux      62  
viii 
 
5 CONCLUSION AND RECOMMENDATION 
 5.1 Conclusion        63 
 5.2 Problems       64 
 5.3 Recommendations      64 
 
REFERENCES        65 
Appendices                  66-71 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
ix 
 
 
 
LIST OF TABLES 
 
 
 
 
TABLE NO.            TITLE    PAGE 
2.1  235U92 Fission energy release     10 
2.2  The cross-section of thermal neutron for Si, Cd and Pb 32 
3.1 Types of tallies available in MCNP    45 
4.1 The thermal, epithermal and fast neutron flux at surface  
                     129 and 130 after passing through silicon   49 
4.2   The thermal, epithermal and fast neutron flux at surface  
  129 and 130 after passing through cadmium   52 
4.3   The thermal, epithermal and fast neutron flux at surface  
                      129 and 130 after passing through plumbum   54 
 
 
 
 
 
 
x 
 
 
 
LIST OF FIGURES 
 
 
 
FIGURE NO.         TITLE                          PAGE 
2.1    Scattering event in lab and CM systems   15 
2.2   Relation between lab and CM scattering angles  17 
2.3          Silicon total cross-section                24 
2.4             Cadmium total cross-section                25 
2.5   Plumbum total cross-section                26 
2.6          The probability function p(x)      32 
3.1          A view of the bare reactor top     39 
3.2   The top view schematic of TRIGA reactor    40 
3.3   The top view schematic of TRIGA reactor used in  
   the MCNP       41 
4.1 The thermal flux at surface 129 and flux after passing  
 through silicon  at surface 130                          50 
4.2 The epithermal flux at surface 129 and flux after  
 Passing through silicon at surface 130              50 
4.3                            The fast flux at surface 129 and flux after passing  
                                 through silicon at surface 130              51 
xi 
 
4.4 The thermal neutron flux at surface 129 and flux after  
 passing through cadmium at surface 130   52 
4.5 The epithermal neutron flux at surface 129 and flux  
 after passing through cadmium at surface 130             53             
4.6 The fast neutron flux at surface 129 and flux after  
 passing through cadmium at surface 130   53 
4.7 The thermal neutron flux at surface 129 and flux after  
 passing through plumbum at surface 130   55 
4.8 The epithermal neutron flux at surface 129 and flux  
 after passing through plumbum at surface 130  55 
4.9 The fast neutron flux at surface 129 and flux after  
 passing through plumbum at surface 130   56 
4.10 The thermal neutron flux after passing through silicon,  
 cadmium and plumbum     57 
4.11 The epithermal neutron flux after passing through  
silicon, cadmium and plumbum    57 
4.12             The fast neutron flux after passing through silicon,  
           cadmium and plumbum     58 
4.13 The thermal flux ratio after passing through silicon,  
cadmium and plumbum     59 
4.14 The epithermal flux ratio after passing through silicon,  
cadmium and plumbum     59 
4.15   The fast flux ratio after passing through silicon, cadmium  
and plumbum       60 
 
xii 
 
 
 
LIST OF SYMBOLS 
 
 
 
 
α  - Alpha particle 
β - Beta particle 
μ - Cosine angle 
θ - Angle of collision 
σ - Microscopic cross-section 
𝜙 - Neutron flux 
χ - Coefficient 
𝜌 - Density 
ρ0 - Distance between two fragments 
Σ - Microscopic cross-section 
Ω - Angular cross-section 
𝜐 - Number of neutron generated in the fission  
γ - Gamma ray 
 
 
 
 
 
xiii 
 
 
 
LIST OF APPENDICES 
 
 
 
 
APPENDIX        TITLE                          PAGE 
A The example of a complete input file    66 
B MCNP Surface Cards      69 
C General Source Variables (SDEF)    70 
 
